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Experimental results are presented in Section 5 and the paper is concluded in Section 6. [2] performed pre-filtering while retrieving class diagrams for reuse. During their prefiltering stage, a fixed number of projects are selected from the repository depending on the number of class names the query and repository class diagrams have in common. However, because this filtering approach checks for exact matches in class names, two similar class diagrams containing classes whose names are non-identical but similar (e.g. college and school) may not be considered as similar. While retrieving class diagrams for reuse, authors in [3] performed a computationally inexpensive selection (or pre-filtering),in which a fixed number of relevant cases are chosen by using the WordNet lexicon to index cases. WordNet is a large lexical database developed at Princeton University. Because WordNet is utilized during pre-filtering, repository class diagrams which contain classes whose names are similar in meaning to those of the query diagram are likely to be shortlisted. Park and Bae [4]adopted a two-stage approach for retrieving repository artifacts. In the first stage (i.e. the pre-filtering stage), they determined the similarity score of two class diagrams using the Structure Mapping Engine (SME). The SME software works based on the structure mapping theory, which allows knowledge to be mapped in two domains by considering relational commonalities of objects in the domains regardless of the objects involved in the relationships. Based on the similarity scores obtained, a subset of repository projects is selected. During the second stage, sequence diagrams in the shortlisted projects are converted to Message-Object-OrderGraphs which are then compared using a graph matching algorithm. The pre-filtering approach presented in this paper differs from those in existing works in two aspects. Firstly, this work compares software systems using software metrics that describe some properties of the software systems. Secondly, unlike the previous software reuse works which performed pre-filtering using information collected from only class diagrams, this work uses information from UML sequence diagrams and class diagrams during pre-filtering. Both class diagrams and sequence diagrams are commonly used to model software systems early in the software development life cycle.
3. REUSE SYSTEM 3. REUSE SYSTEM 3. REUSE SYSTEM 3. REUSE SYSTEM Our reuse approach is hinged on the intuition that similar software systems have similar requirements. Thus, the requirement specifications of new projects (software systems) to be built serve as queries that are compared with requirement specifications of existing projects stored in a repository. Once the most similar requirements are found, the corresponding artifacts can be adapted to meet the needs of the new software system. Moreover, since UML is the de facto language for modeling software requirements, the requirement specifications to be compared are described using UML. This section gives an overall picture of our reuse system by describing the sequence of steps needed to reuse software contained in a repository. More details about the reuse system can be found in [5] . The prerequisite for using the reuse system is that requirement specification for the query and repository projects should contain class and sequence diagrams. Figure 1 illustrates the steps involved in the reuse process. These steps are described below: Figure 1 : Concept of operation of reuse system 1. The user presents a query requirement specification which contains class and sequence diagrams. 2. The pre-filtering features for the query are computed. These features consist of size and complexity metrics such as total number of classes in a class diagram, number of messages exchanged by objects in a sequence diagram, and the number of attributes and operations of classes. These metrics can be used to filter out repository projects whose sizes are significantly different from that of the new system. 3. Pre-computed features for each project in the repository are retrieved. By comparing the features of query and repository projects, a tentative similarity score between the query and each repository project is obtained. 4. Based on the initial similarity scores, a list of repository projects that are potentially similar to the query is created. 5. The requirement specifications for each shortlisted repository project are retrieved from the repository. 6. The query (i.e., the requirement specifications for the new software system) is presented to the retrieval stage. 7. During retrieval, the actual degrees of similarity between the query and requirement specifications of shortlisted repository projects are computed. From the similarity scores, the most similar existing project to the query is determined. 8. A copy of all the artifacts for the most similar repository project is returned to the user. These artifacts include design, source code, documentation and test data. 9. The user adapts the artifacts to suit the needs of the new software system being developed. S/he stores all the artifacts for the new project in the repository, so that the project can be reused in the future. Note that at this time, the set of pre-filtering features for the new project is also stored in the repository.
4. PRE 4. PRE 4. PRE 4. PRE----FILTERING APPROACH FILTERING APPROACH FILTERING APPROACH FILTERING APPROACH The proposed method of selecting a subset of repository projects involves comparing the set of features of the query to those of all repository projects. The features for repository projects are obtained when the projects are saved to the repository, while those of the query are gotten as soon as the query is presented to the reuse system. The features comprise a set of software metrics that capture information about the size and complexity of UML models. It is expected that corresponding metrics for similar software should not differ significantly. The set of metrics for query and repository models are represented by n-dimensional feature vectors, where n is the number of metrics. Each dimension of the vector holds the value of a particular metric. The pre-filtering similarity score for two software systems is the Euclidean distance between their feature vectors. In order to ensure that features contribute equally to the similarity score, values of each feature are normalized by dividing by the maximum value of the feature. In the remainder of this section, a hypothetical example is presented to illustrate how pre-filtering works. Assume that a repository contains five software projects, and three of them are to be selected at the end of pre-filtering. Table 2 provides details of the query as well as repository projects. The second column of the table shows the similarity scores computed in a retrieval stage, between the query and each repository project. It is worth mentioning that throughout this paper, lower similarity values indicate better degrees of similarity. Note that the manner in which similarity scores are computed during the retrieval stage is not described in this paper. The third column shows the ranking of repository projects based on the similarity values in the previous column. Feature vectors for the query and repository projects are shown in the fourth column. The pre-filtering similarity scores on the fifth column are the Euclidian distances between feature vectors on the preceding column. Based on the prefiltering similarity scores, three of the five repository projects are shortlisted as shown on the sixth column.
The last column of Table 2 2 2 2 shows that the three selected projects from the repository are ranked based on the similarity scores from the retrieval stage (i.e., from the second column of the table).
The following observations can be made from the above example: a. Based on the pre-filtering similarity scores, the fourth, second and fifth projects are the most similar to the query, whereas from the actual similarity scores obtained during the retrieval stage, the second, fourth and first projects are the most similar to the query. These differences arisebecause the computations in the retrieval stage are more detailed than during pre-filtering. This also explains why repository project 1, which is the third most similar project to the query is not among the three shortlisted projects. b. As shown in the last column of Table 2 , Projects 1 and 3 from the repository are not compared with the query, because they were not selected after pre-filtering. Thus, pre-filtering helps to minimize retrieval time by limiting the number of repository projects that are compared with the query. The following criteria would be used to assess the prefiltering approach described in this paper. The average precision (AP) for a query is obtained using precision values calculated at each point when a new relevant document is retrieved (using precision = 0 for each relevant document that was not retrieved). Mean Average Precision, also referred to as mean precision at seen relevant documents for a set of queries is the mean of the AP scores for each query [8] . The formula for MAP is given in (1).
In (1),N is the number of queries, Qj is the number of relevant documents for query j and P (rel = i) is the precision at the i th relevant document. MAP was chosen to measure retrieval efficiency because it is widely used to evaluate ranked information retrieval systems. Since the main reason for employing pre-filtering is to minimize retrieval time, it is important to measure retrieval time with and without pre-filtering. Even though a reuse system is able to retrieve relevant projects from a repository with high MAP, it is possible that it is only good at ranking the repository projects but the similarity scores themselves are meaningless. To address this possibility, we shall examine the degree of correlation between the similarity scores returned by the reuse system and estimated modification (reuse) effort. Since a significant amount of reuse effort is dedicated to programming, code-based sizing metrics will be used to estimate reuse effort. The formula employed by Basili et al. [9] for predicting software maintenance effort will be used to predict reuse effort in this paper. We reasoned that maintenance effort is more or less proportional to reuse effort since they both involve efforts to modify existing software to meet some current needs.(Reuse) effort in man hours is estimated as follows [9] : Effort = 0.36 * effective SLOC + 1040.
In (2), effective source lines of code (SLOC) is the sum of added, deleted and modified SLOC. A strong degree of correlation between similarity scores and estimated reuse effort shows that similarity scores returned by the reuse system can provide a reuser with a rough estimate of the amount of effort needed to adapt 
Results
The first experiment was aimed at determining the performance of the pre-filtering stage without any retrieval stage. Table 4 shows shows the retrieval time as well as correlation between pre-filtering similarity scores and reuse effort when pre-filtering is considered as a stand-alone retrieval stage. In another experiment, we measured the MAP as the number of projects returned by the pre-filtering stage is varied. The horizontal axis of Figure 2 shows that the number of projects returned after pre-filtering is varied from 5 to 30. The vertical axis shows the MAP. The final experiment studied the effect of pre-filtering on MAP and retrieval time, by comparing these values when retrieval is performed with and without prefiltering. The number of projects returned after prefiltering was set to 10. Figure 3 and Figure 4 show how pre-filtering affects MAP and retrieval time, respectively. As can be inferred from and Figure 2 , the proposed pre-filtering approach meets its objective; it is computationally inexpensive. Moreover, it returns many of the relevant repository projects in response to the queries, since the MAP is 76.34% when only five projects are shortlisted (see Figure 2) . However, the correlation between the pre-filtering similarity score and predicted reuse effort is only 0.61, compared to a correlation coefficient of 0.78 when the similarity scores from the retrieval stage were compared with estimated reuse effort. It is inconsequential that prefiltering similarity scores do not have a high correlation with reuse effort, because the actual similarity scores between query and repository projects will be determined in the retrieval stage. Nonetheless, these results indicate that it is not advisable to rely on pre-filtering alone (i.e., without a retrieval stage) during software reuse. Figure 3 shows that pre-filtering caused MAP to drop from 92.74% to 84.94%. This decrease in MAP is expected since pre-filtering inadvertently omits some relevant repository projects as a result of its shallow comparison, which is based on only 13 metrics. Furthermore, it can be observed from Figure 4that pre-filtering led to a sharp decline in retrieval time. The retrieval time dropped from 2,473 seconds to 888 seconds. This represents a speed-up of approximately 2.8. Figure 4 : Effect of pre-filtering on retrieval time Experimental results show that pre-filtering results in very substantial decrease in retrieval time. Prefiltering led to a slight reduction in MAP, owing to its use of a superficial approach for selecting projects' based on supposed similarity. It does not matter that there is a low degree of correlation between prefiltering scores and estimated reuse effort since prefiltering is expected to be followed by the retrieval stage, which has been shown to produce a strong degree of correlation with reuse effort. Our pre-filtering technique can be extended in several ways. Firstly, if it takes into account the names of concepts that occur in the models, it will help to sieve out projects that belong to application domains different from that of the query. Secondly, the number of repository projects returned after pre-filtering was fixed in the experiment. More research is needed to automatically determine the proportion of repository projects to be returned after pre-filtering. On one hand, selecting a large fraction of repository projects after pre-filtering defeats the aim of pre-filtering. On the other hand, choosing a small proportion of repository projects may lead to a significant decrease in MAP, since many relevant projects may not be shortlisted at the end of pre-filtering. Thirdly, more experiments can be performed to determine if the effect of pre-filtering can be improved by adding or removing from the metrics listed in Table 1 .
Discussion

